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Abstract

Youth with Autism Spectrum Disorder (ASD) are at an increased risk for developing obesity when compared to their typi-
cally developing peers. Given higher prevalence of obesity in youth with ASD, understanding factors relating to success in
obesity treatment provides insight into implementing efficacious treatments for youth. The current study examines age, sleep,

and metabolic factors potentially affecting success in 74 youth (M,

o= 11.60) attending a multidisciplinary weight manage-

ment treatment program over a year. Multilevel modeling indicated that higher baseline BMI class category, medications at
baseline, and absence of sleep difficulties predicted greater reduction in BMI after a year of treatment.
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Introduction

Obesity in youth is associated with poorer mental health
and concurrent and future health risks such as cardio-
vascular disease, diabetes, and cancer (CDC 2020). One

< Meredith L. Dreyer Gillette
mldreyer @cmh.edu

Haley J. Killian
haleykillian @mail.umkc.edu

Isabella K. Pallotto
ispallotto@unc.edu

Brooke R. Sweeney
brsweeney @cmh.edu

Department of Psychology, The University of Missouri -
Kansas City, 5030 Cherry St, Kansas City, MO 64110, USA

Department of Health Behavior, Gillings School of Global
Public Health, The University of North Carolina at Chapel
Hill, 135 Dauer Dr, Chapel Hill, NC 27599, USA

Department of Pediatrics, Weight Management and Center
for Children’s Healthy Lifestyles & Nutrition, Children’s
Mercy Kansas City/University of Missouri Kansas City
School of Medicine, 2401 Gillham Rd., Kansas City,

MO 64108, USA

Department of Pediatrics, Developmental and Behavioral
Health and Center for Children’s Healthy Lifestyles &
Nutrition, Children’s Mercy Kansas City/University

of Missouri Kansas City School of Medicine, 2401 Gillham
Rd., Kansas City, MO 64108, USA

subgroup demonstrated to be at particular risk for obesity is
youth with Autism Spectrum Disorder (ASD) (Curtin et al.
2005; Grondhuis & Aman, 2014; Healy et al. 2019). In the
US, approximately 1 in 54 youth have a diagnosis of ASD
(Maenner et al. 2020), and previous research suggests that
the prevalence of overweight and obesity in youth with ASD
is significantly higher at younger ages (25 years of age) and
in adolescence (12—17 years) (Hill et al. 2015). While the
exact cause of this trend is unknown, research suggests youth
with ASD have a greater number of obesogenic risk fac-
tors than their typically developing (TD) peers (Coury et al.
2012; Must, Curtin, et al., 2014; Sharp et al. 2013) including
medications that promote weight gain and risk for meta-
bolic syndrome (Maayan & Correll, 2011; Seida et al. 2012),
increased sedentary behavior (Dreyer Gillette et al. 2015;
Must, Phillips, et al., 2014), feeding difficulties (Ledford &
Gast, 2006; Marshall et al. 2014), and sleep problems (Elrod
& Hood, 2015).

Due to the potential for developing adverse health
conditions, it is essential to develop efficacious weight
management programs that address the unique needs of
youth with ASD. Behavioral modifications suggested to
TD youth, such as increasing physical activity and healthy
eating behaviors (Dreyer Gillette et al. 2015), need to be
tailored to youth with ASD’s specific needs. Weight man-
agement clinics that provide customized treatment target-
ing specific problematic eating behaviors commonly seen
in youth with ASD and developmental disabilities led to
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significant reductions in BMI (Dreyer Gillette et al. 2014;
Pona et al. 2017). Results showed that younger children
in the program had a greater decrease in BMI z-score (a
standardized measure of body mass index) (Pona et al.
2017). The purpose of the present study was to evaluate
whether a multidisciplinary weight management treat-
ment program targeted for youth with special needs, such
as ASD, was effective in producing sustained reductions
in youth BMI among youth diagnosed with ASD. Addi-
tionally, we aimed to see whether baseline metabolic
parameters, medication status, and demographic varia-
bles predicted more successful weight loss in these youth
seeking weight management treatment.

The present study sought to understand the relationship
between child factors, such as sleep, baseline BMI category,
and baseline metabolic parameters, and how those factors
predicted child BMI change during a weight management
treatment program designed specifically for youth with ASD
over a one year-period. In this study, obesity is defined as
having a BMI greater than the 95th percentile based on age
and gender norms. Given the wide age range of our popula-
tion, BMI percent of the 95th percentile (BMI1%95th) was
used to standardize the data analysis across time and to
account for the severity of obesity. To assist with mapping
child BMI onto adult BMI classifications, the CDC has pro-
posed BMI classifications based on the BMI %95th (class 1
obesity: BMI >95th percentile—120% of the 95th per-
centile; class 2 severe obesity BMI > 120% to 140% of the
95th percentile; class 3 severe obesity BMI > 140% of the
95th percentile) (Skinner et al. 2015).

Several a priori hypotheses were tested. (1) Younger
youth with ASD will experience greater reductions in
BMI%95th following a year of treatment, as suggested in
previous literature in weight management treatment within
a group of youth with developmental and physical difficul-
ties (Pona et al. 2017). (2) BMI class at baseline will predict
weight loss over the course of the year, such that those with
class 1 obesity who initiate treatment would experience
the largest reduction in BMI%95th. (3) Youth with base-
line behavioral and medication risk factors at baseline (e.g.,
medications known to impact appetite, sleep problems) will
experience smaller BMI%95th change over one year. Evalu-
ation of factors relating to the success of weight management
treatment programs is important for the utilization of effica-
cious treatment modalities when treating youth with obesity,
specifically those with ASD. The current study sought to
evaluate 12-month outcomes of youth with ASD enrolled
in special needs specific pediatric weight management treat-
ment and understand the factors that may positively influ-
ence treatment success, defined as a reduction in BMI1%95th.
It also provides an illustration of youth with ASD who are
seeking weight management treatment from a specialized
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multidisciplinary team dedicated to treating obesity in youth
with physical and developmental disabilities.

Method
Participants

Participants consisted of youth (N=74) who presented
within the last 5 years for multidisciplinary obesity treat-
ment from the Special Needs Weight Management Clinic
at a large hospital in the Midwest. Youth were between
the ages of 2 and 18 years of age, had a BMI > 95th per-
centile based on age and gender norms, had attended at
least 2 clinic visits over the course of a year, and spoke
either English or Spanish as their primary language. While
the clinic serves children with diverse special healthcare
needs, we focused the present sample solely on those with
a documented diagnosis of ASD, which was recorded in
the electronic medical record (EMR) by the clinic phy-
sician or psychologist. Youth were excluded from the
analysis if they had only attended one clinic visit as it
was assumed that they were not actively participating in
weight management treatment. Additionally, 1 participant
was excluded due to the clinic visit at 12 months occurring
at the beginning of COVID-19 pandemic and an accu-
rate weight could not be obtained to calculate BMI for
analyses.

Youth were referred to the clinic by primary care phy-
sicians and subspecialists (e.g., sleep medicine, endocri-
nology, cardiology) for weight management treatment.
Families typically attended appointments once every
2-3 months unless medication management was initiated
(then approximately monthly appointments were sched-
uled). Clinic recommendations entailed a combination of
dietary (MyPlate, decrease sugared drinks, change snacks,
increase protein), environmental/behavioral (stimulus con-
trol, meal/snack schedules, sleep hygiene), and medical
(diagnose/treat sleep apnea, optimize ADHD care, initi-
ate medication management). Youth and their families
were seen in person at the outpatient clinic or at one of 4
telemedicine sites located between 90 min and 3 h from
the main hospital campus. These telemedicine locations
were at hospital clinics and included a trained nurse to
collect height and weight and assist in facilitated physical
exam with ancillary devices like a stethoscope and camera.
See Dreyer Gillette et al. (2014) and Pona et al. (2017)
for additional details regarding clinic procedures and
treatment. Data collection and research procedures were
approved by the hospital’s Institutional Review Board.
Prior to any data being utilized in the current research
project, parents gave consent for clinical outcome data to
be utilized for research purposes.
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Measures

Demographics/Anthropometric/Metabolic/Medication
status: Youth demographic variables such as age, sex, and
insurance status were extracted from the EMR at baseline.
Laboratory values such as cholesterol, liver function tests,
and hemoglobin Alc were also extracted from the EMR
for baseline data. Height and weight measurements were
recorded to the nearest 0.1 cm/kg and were completed at
each visit by a trained clinical provider (e.g., care assis-
tant or registered nurse). Finally, comorbid diagnoses and
medication status were recorded at baseline in the EMR
and extracted.

Baseline questionnaire: Parents completed a question-
naire upon enrollment in the program that provided informa-
tion about the family demographics and asked about parent
perceptions of several different challenges that may occur in
this population to include sleep problems. These questions
were asked in the form of Likert scales and yes/no questions
(sleep problems).

Statistical Analysis

The present study sought to assess the long-term outcomes
of weight management within a population of youth with
ASD. It also sought to assess outcomes within the Special
Needs Weight Management Clinic that differed based on
patient characteristics (i.e., age, sex, ethnicity, insurance
status, and parent reports of other difficulties). Patients
who were enrolled in treatment beginning January of 2014
and who had attended an initial visit and had passed their
12-month follow-up window were considered eligible for
inclusion in the analysis. The current study utilized a mul-
tilevel model to evaluate change in BMI1%95th score from
baseline to 12-month follow-up time points. This model of
analysis was utilized due to its unique abilities to include
all available data while adjusting to account for missing
data. These adjustments include accounting for correlations
between repeated measure BMI1%95th of patients, handling
missing data without having to utilize multiple imputations,
flexibility in modeling both fixed and random effects occur-
ring from time-related variables, and evaluating cross-level
interactions between patient-level moderating effects (End-
ers, 2001).

Due to the attrition evidenced within the clinic (35.1%
did not return for a 12-month follow up appointment), MLM
was deemed most appropriate to adequately assess changes
while reducing the possibility of bias due to patient drop-
out. The model included person-level repeated measures of
BMI%95th percentile (level 1) nested within individuals
(level 2) and controlled for baseline BMI%95th percentile
and patient characteristics using a random intercepts model
and a homoscedastic error structure (i.e., scaled identity).

A variable to examine both 6-month and 12-month since
baseline was included in the model to illustrate linear change
in BMI%95th across weight management treatment. This
linear variable was squared to create a quadratic change
that allows for evaluating accelerated growth rate across
treatment. Finally, additional interactions were examined
to evaluate whether patient characteristics at baseline influ-
enced the BMI%95th reduction at 12-months. These vari-
ables were explored in relation to the linear time variable
while controlling for patient characteristics: age, gender/sex,
race/ethnicity, baseline sleep difficulties, Hemoglobin Alc,
and medication use.

Statistical analyses were completed using IBM SPSS Sta-
tistics (Version 26), predictive analytics software, using the
mixed procedure and the full information maximum likeli-
hood estimator. This estimation was utilized, as opposed to
the restricted maximum estimation, because it allows for
evaluations of fixed effects in nested models, which are the
variables of most interest in the current project (Kwok et al.
2008). This type of estimator can adequately handle missing
data within a longitudinal analysis when data are missing
completely at random on the variables of interest, which is
indicated by Little’s Missing Completely at Random test
(x2=46.91, p=0.67) (Enders, 2001).

Results

The average patient BMI at baseline was 134.23 BMI1%95th
(SD =27.69 BMI%95th), and the average patient age was
11.66 years (SD =3.86 years). Most patients were male
(74.7%) and identified as Caucasian (62.7%). Per the EMR,
patients had comorbid diagnoses of ADHD (54.2%), asthma
(18.1%), and sleep apnea (8.4%). Of all patients enrolled in
the weight management clinic, 21.4% were taking atypical
antipsychotics, and 27.7% were taking stimulants at baseline
(see Table 1). About half of the patients had commercial
insurance (50.6%), and patients visited the weight manage-
ment clinic, on average, 4.08 times annually (range =2-8
visits; see Fig. 1). Upon evaluating differences in patient
demographics between those who attended a 12 month fol-
low up and those who did not, only insurance status was
significant in that patients with Medicaid were significantly
more likely to return for a 12-month follow up than those
who had commercial insurance or self-pay, (X*(2)=6.06,
p=0.048).

To evaluate changes in BMI in patients with ASD over
the course of a year in treatment, we utilized BMI1%95th.
This metric is used to evaluate changes in obesity, par-
ticularly for youth who sit at the very high end of weight
curves, which allows for BMI comparisons to age and
sex-specific BMI percentiles (Flegal & Cole, 2013;
Freedman & Berenson, 2017). Both linear and quadratic
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Table 1 Descriptive statistics of M (SD) Minimum-—maximum n (%)
the sample
Age (years) 11.66 (3.86) 2.72-18.95
Number of visits 3.97 (1.48) 2-8
BMI 32.18 (1.48) 19.55-59.82
BMI z-score 2.42 (0.48) 1.59-4.27
BMI %95th percentile 134.23 (27.69) 98.48-226.06
Sex 15 (20.3)
Female 59 (79.7)
Male
Ethnicity 10 (13.5)
African American/Black 46 (62.2)
Caucasian 11 (14.9)
Latino/a/x 7(9.5)
Other
Comorbid diagnoses
ADHD 37 (50)
Asthma 14 (18.9)
Sleep apnea 79.5)
Medications
Atypical antipsychotics 18 (24.3)
Stimulants 20 (27.0)
Insurance status
Commercial 38 (51.4)
Medicaid, financial assistance, 36 (48.6)
or self
N=74
Fig. 1 Number of annual visits 80
to the weight management clinic
70
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z
$ 40
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g 30
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20
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growth rates indicated significant changes in BMI1%95th
over the course of a year and thus were retained in the
model. The model demonstrated a significant linear
decrease in BMI%95th over a year, f=— 8.93, standard
error (SE)=2.28, t=—3.92; and p < 0.001. In addition, the
model demonstrated a significant quadratic time variable
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Number of Visits

in explaining change in BMI1%95th over the course of
treatment, f=2.25; SE=1.12; t=2.01; and p=0.048).
These results taken together indicate a significant reduc-
tion in BMI%95th over the course of a year; with more
pronounced weight reduction early in treatment and
beginning to plateau over time for youth with ASD in
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specialized multidisciplinary weight management treat-
ment as is typical with weight loss trajectory over time.
When taking patient characteristics into account and
examining how they may indicate differential treat-
ment progress over the course of a year (as measured by
BMI%95th), several variables indicated predictive power.
The final model included BMI class category at baseline,
sleep problems per parent report at baseline, stimulant use,
atypical antipsychotic use, and visits to clinic, while con-
trolling for patient characteristics of age, race/ethnicity,
and gender/sex. There were significant linear reductions in

BMI%95th percentile over time (measured at 6-months and
then again at 12-months), (f=— 8.45, SE=3.21; t=—2.63;
and p=0.010). In addition, there were significant quadratic
changes in BMI%95th percentile over the course of a year
($=2.47,SE=1.01;t=2.45; and p=0.017). The main effect
of BMI class category was significant (f=25.40, SE=2.12;
t=11.97; and p < 0.001). In addition, the interaction between
BMI class category at baseline and linear time while control-
ling for patient characteristics was significant, (f=— 1.93,
SE=0.71; t=— 2.71; and p=0.008). This finding suggests
that children who were in a higher BMI class category at

Fig.2 a Reductions in BMI% of BMI Class
the 95th over 12 months based a — Category
on obesity class category. b e — Class 1
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baseline had greater reductions in BMI1%95th percentile over
time (See Fig. 2a). The main effect of baseline sleep prob-
lems was not significant in predicting BMI1%95th percentile
(p=-10.27, SE=3.29; t=— 0.08; and p=0.94); however,
the interaction between sleep problems and linear time
while controlling for patient characteristics was significant
($=3.87, SE=1.13; t=3.42; and p=0.001) (See Fig. 2b).
This result suggests that children with parent-reported sleep
problems had slightly smaller reductions in BMI1%95th per-
centile when compared to those children whose parents
reported no sleep problems at baseline. The main effect
of stimulant use was significant in predicting BMI%95th
percentile (f=10.54, SE=3.63; t=2.91; and p=0.005).
This result suggests that youth who were taking stimulants
at baseline had higher BMI%95th. The main effect of tak-
ing atypical antipsychotic medications at baseline, was not
significant in predicting BMI%95th percentile (f=4.78,
SE=4.03; t=1.19; and p =0.24); however, the interaction
between taking atypical antipsychotic medications at base-
line and linear time while controlling for patient charac-
teristics was significant (f=— 3.71, SE=1.26; t=— 2.94;
and p=0.004). This finding suggests that youth who were
taking atypical antipsychotic medications at baseline had
greater reductions in BMI1%95th over time. The main effect
of number of visits was significant in predicting BMI1%95th
percentile (f=4.45, SE=1.11;t=4.00; and p <0.001). This
result suggests that youth who attend more visits have higher
baseline BMI1%95th. Variables including age, race/ethnicity,
and gender/sex were not significant predictors of BMI1%95th
percentile change in this group of individuals.

Discussion

The current study presents findings to provide insight
on patient factors that contribute to overall reduction in
BMI1%95th of youth with ASD who are enrolled in a mul-
tidisciplinary, family-based weight management clinic. The
results indicate significant linear reductions in BMI%95th
following a year of treatment. When controlling for patient
characteristics, these results suggest that BMI class category,
stimulant and atypical antipsychotic medications, and parent
reported sleep difficulties significantly influence response
to a weight loss intervention for these youth. The results of
these patient-level factors may provide clinicians treating
these youth with important insight on additional factors to
consider when creating treatment plans.

BMI Class Category
Children who have class 3 severe obesity experienced greater

reductions in BMI than those youth with class 1 obesity or
class 2 severe obesity over the course of treatment. This
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result was contrary to our hypotheses; however, it is con-
sistent with previous weight management research suggest-
ing that youth with more severe obesity experience greater
reductions in weight to approach the mean (Kumar et al.
2019). More severe obesity at baseline would be expected
to be treated with more intensive weight loss interven-
tions (e.g., medication management, more frequent visits),
often coupled with more concern from families leading to
improved readiness to implement changes.

Medications

When considering the role that medications play in youths’
baseline BMI%95th, or the moderating effect that they have
on subsequent weight loss, the current study suggested that
both stimulants and atypical antipsychotic medications con-
tribute to a child’s BMI%95th status. Previous literature has
attributed weight gain to atypical antipsychotics (Scahill
et al. 2016), which would suggest that it may also hinder
treatment success within the context of weight management.
The results of the current study suggest that youth who are
taking atypical antipsychotic medications at baseline experi-
ence greater weight loss over the course of a year in weight
management treatment. These contrary findings may also
suggest that parents are more aware of the problematic eat-
ing behaviors related to the hunger from the medications
and also know what their child’s eating looked like prior
to beginning atypical antipsychotic medications. Potential
explanations for the unexpected finding include that parents
here highly concerned about their child’s eating patterns
and hunger relative to the medication’s side effects and were
more motivated to implement treatment recommendations
and seek out higher levels of treatment. The multidiscipli-
nary treatment team may also be more aggressive, both from
a medication and behavioral standpoint, to address the obe-
sity related to atypical antipsychotic medications. A future
direction may be to evaluate whether these youth are more
likely to have intensive and advanced treatment such as more
frequent clinic visits or be prescribed pharmacotherapy to
support weight loss or symptom control, such as topiramate
and metformin.

A common side effect associated with stimulant medi-
cation use is appetite suppression, which suggests that it
might also be associated with decreases in weight in combi-
nation with behavioral recommendations suggested by the
treatment team (Poulton et al. 2016). Although the current
study did not find the effect over time, youth who were on
stimulants at baseline had higher BMI1%95th than those who
were not taking stimulant medication. Stimulant medication
is often used to treat the symptoms associated with attention-
deficit hyperactivity disorder (ADHD) (Coury et al. 2012),
and this finding suggests that youths needing stimulant med-
ications may have had higher levels of impulsivity related
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to food seeking or eating behaviors which could contribute
to the development of obesity. In the current study, 54.2%
of youth had a comorbid diagnosis of ADHD, and future
investigations could qualitatively document the reasons that
youths with ASD were placed on stimulant medications.

Number of Visits

Although the number of visits attended over the course of
a year did not moderate the linear weight loss experienced
by youth in clinic, it is important to note that youth with
higher baseline BMI1%95th attended clinic more frequently
than those who had lower baseline BMI1%95th. This suggests
that youth identified early on to have higher BMI may need
more frequent contact with a weight management team to
help assist the family in implementing behavioral or medica-
tion recommendations, or are given more intensive treatment
plans by clinic practitioners. Youth who are on medications
that support weight loss are seen more frequently in this
clinic which would result in more visits over the course of a
year to allow for adjustments in dosage or evidence a more
intensive treatment plan.

Sleep Problems

Over time, youth with sleep problems experienced a smaller
reduction in BM1%95th percentile compared to their coun-
terparts with no sleep problems. This result suggests that
sleep difficulties may be an important area to consider when
thinking about effective treatment for weight management
with these youth. This result aligns with previous literature
suggesting a relationship between short sleep duration and,
both, poor diet quality and less frequent physical activity
(Hager et al. 2016).

Demographic Factors

When evaluating changes in BMI%95th over the course of
a year, patient demographics such as gender/sex, age, and
race/ethnicity (de Vinck-Baroody et al. 2015) did not moder-
ate or help to predict BMI1%95th percentile change over the
course of treatment. However, previous literature suggested
that when examining the change in BMIz scores, rather than
BMI%95th, over the course of treatment, age did moderate
the BMIz change. This finding suggests that age may play
a larger role when examining BMIz scores as opposed to
BMI%95th as BM1%95th is believed to be less sensitive to
age effects (Pona et al. 2017).

When evaluating differences in youth who attended their
12 month visit and those who did not, there were no dif-
ferences based on demographic variables except for insur-
ance status. Youth who were on Medicaid were more likely
to return for a 12-month follow up than those who had

commercial insurance or were self-pay. This may be due to
the difficulty that families have reported in getting insurance
companies to cover the cost of needed weight management
treatment (Wilfley et al. 2017). Cost of treatment, when
weight management treatment is not covered, may present
a real barrier for getting youth with ASD and obesity the
treatment they need.

Limitations

Literature surrounding weight management treatment within
a population of youth with developmental disabilities is
sparse. One significant limitation of the current study is the
relatively small sample size. Although the sample began at
74 patients, after a year of treatment, 48 patients remained
enrolled or attended their 12-month follow-up appointment.
The rates of attrition, while relatively high, are similar to
other studies of participants in weight management after a
year of treatment (Savoye et al. 2007). Another limitation is
that all patients were treated within one specific clinic at one
specific hospital in the current study. Although this repre-
sents a limitation, there are relatively few multidisciplinary
teams around the United States dedicated to treating youth
with obesity and developmental and physical disabilities.
Finally, the level of ASD severity was not measured in the
current study. This represents a limitation in that it is dif-
ficult to know how severity of autism impacted treatment
recommendations or ability to implement given recommen-
dations. Some of these youth may have had difficulty achiev-
ing weight loss due to difficulty adhering to treatment rec-
ommendations or medication nonadherence, associated with
their ASD. Although this represents a potential limitation to
the current study, past work has examined the relationship
between BMI and adaptive functioning and found that the
two are unrelated (Egan et al. 2013).

Future Directions

The current study provides a starting point related to patient
characteristics that contribute to success in weight manage-
ment outcomes for youth with ASD. This presents several
considerations for clinicians to incorporate into treatment
planning; however, further research is needed to inform
clinical interventions for greater treatment success. An addi-
tional factor that may be related to weight status is feeding
difficulties or problematic mealtime behaviors, which is fre-
quently reported as a difficulty in this group, and youth with
ASD experience more frequent feeding difficulties when
compared to youth with other developmental disabilities.
Future research to strengthen these findings should include
adding eating or feeding difficulties into the analytic model.
In addition, future research with a larger sample, at multiple
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sites, still using a multidisciplinary treatment team, for youth
with ASD could further inform future improvements in treat-
ment. A final future research direction would be to exam-
ine whether these BMI1%95th decreases are sustained over
a long-term follow up period, which would be an important
given that obesity often continues into adulthood.
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